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Background
This study investigated the cross-national and longitudinal associations between national tobacco control policies and current smoking in 28 European Union (EU) member states between 2009 and 2017. It also examined the interaction between tobacco control policies and occupational status.
Methods
We used data from four waves of Eurobarometer (2009, 2012, 2014 and 2017) . The total sample size was 105,231 individuals aged ≥15 years. Tobacco Control Scale scores (range 0 to 100) for years 2005, 2007 , 2012 and 2014 measured the strength of country-level tobacco control policies. Logistic multilevel regression analyses with three levels (the individual, the country-year and the country) were performed with current smoker as the dependent variable.
Results
Across the EU, average smoking prevalence fell from 29.4% (95% CI: 28.5% to 30.2%) in 2009 to 26 .3% (95% CI: 25.4% to 27.1%) in 2017. We confirmed that cross-nationally, strong national tobacco control policies are significantly associated with low probability of smoking. A one-point increase in TCS score was associated with lower odds of smoking (OR = 0.990; 95% CI = 0.963 to 0.998), but longitudinally (within-country) increases in TCS were not associated with current smoking (OR = 0.999; 95% CI = 0.994 to 1.005). Compared to those in manual occupations, the cross-national association was stronger in the upper occupational group (Conditional OR for the interaction = 0.985; 95% CI = 0.978 to 0.992) and weaker in the economically inactive group (Conditional OR for the interaction 1.009; 95% CI: 1.005 to 1.013).
Conclusion
Differences in tobacco control policies between countries were associated with probability of smoking but changes in TCS within countries over time were not. Differences between countries in tobacco control policies were found to be most strongly associated with likelihood of smoking in the highest occupational groups and were found to have only a weak association with smoking among the economically inactive in this sample.
INTRODUCTION
In Europe, tobacco remains the single largest cause of preventable mortality and is responsible for almost 700,000 premature deaths per year. 1 Despite national efforts to reduce smoking prevalence, adult smoking prevalence in many European Union (EU) member states remains high. The most recent
Eurobarometer special report on attitudes of Europeans towards tobacco and e-cigarettes found that 26% of the EU citizens were current smokers in 2017. 2 This represents only a three percentage point decline on smoking prevalence rates in EU citizens over an eight year period. 3 There are not only marked differences in trends in smoking prevalence between member states, smoking and smoking related harms are also subject to substantial social inequalities. 4 There is also considerable variation in the strength of nationwide tobacco control policies in the EU even though tobacco products have been heavily regulated over past decades. [5] [6] [7] [8] It is known that this variation is strongly associated with countylevel smoking prevalence. [9] [10] [11] [12] However, less is known about the association between tobacco regulatory environment and socioeconomic status.
Socioeconomic status or position is a complex concept and 'refers to the social and economic factors that influence what positions individuals or groups hold within the structure of a society'. 13 Occupation reflects how an individual's early life experiences including education, biological inheritance, parental background, experience of habitus and distinction and discrimination during development crystallise as a location within society's power structures in adulthood. 14 Occupational status is widely used as an index of socioeconomic position in European studies and has been found to predict mortality risk more accurately than measures of education. 15 The impact of tobacco control policies on inequalities has become a focus in recent years but the evaluation of differential effects of policy is hampered by a lack of evidence. 16 There have been only two cross-national studies in the last decade examining the effect of strength of tobacco control policies on quit ratios and tobacco consumption across socioeconomic groups, as measured by education and or occupational status. 11 17 Bosdriesz, et al. 17 found that the there was a weaker association between country-level tobacco control policies and smoking cessation, as well as tobacco consumption amongst the economically inactive compared to those in manual occupations. Meanwhile, Schaap, et al. 11 showed that the association between quit ratios and national tobacco regulatory environment did not differ between high and low educational groups. This could be due to the time difference between when the studies were conducted or to methodological differences. There has been no research at all in the last decade that examines occupational socioeconomic gradients in the impact of national tobacco control policies on smoking prevalence in adults. Examining change in smoking prevalence over time is important as this reflects both the number of smokers in a population quitting plus changes in the proportion of people taking up smoking. 18 The present study has three aims. Firstly, to describe changes in smoking prevalence over time within the EU member states between 2009 and 2017. Secondly, to describe how within-and between-country variations in the implementation of tobacco control policies are associated with the current smoking in individuals. And finally, to describe how these variations affect individuals of different socioeconomic positions, as measured by occupational status.
METHODS
Data Sources
This study used secondary data obtained from four waves of Table 3 ).
Tobacco Control Scale (TCS)
The Tobacco Control Scale (TCS), designed by Joossens and Raw 5 (2006) to quantify and measure the implementation of tobacco control policies at country-level, has been widely used to monitor national policy development and implementation. 5 9 11 12 The TCS quantifies the implementation of nationallevel tobacco control polices using a scale ranging from zero to 100, with higher scores indicating more comprehensive policies and implementation. Based on the recommendations from the World Bank, it contains measures on six policies: tobacco taxes; smoke-free laws; public information campaigns; advertising bans; health warning labels; and cessation supports. 5 The maximum number of points for each policy was determined based on both scientific evidence and expert opinion, while the actual allocation of points was based on policy implementation information provided by national tobacco control experts from each country. 5 The TCS scoring system has been revised over time. Bosdriesz, et al. 17 Eurobarometer data respectively. This was based on two very recent studies that found a relationship between TCS 9 and MPOWER 22 scores and changes in smoking prevalence in the EU. In these studies, a period of seven years was chosen to be certain that it was in the range over which policies have been shown to be correlated with prevalence. As the TCS was initially released in 2005, it was not possible for us to use a seven-year lag in our study. Therefore, the maximum period of lag effect could only be four to five years.
Statistical Analysis
The Eurobarometer data has a three-level hierarchical structure: individuals (level 1) are nested within country-years (level 2), which are then clustered within countries (level 3). Therefore, a multilevel modelling approach was adopted to account for statistical dependency among observations. We used a three-level random slope logistic model to examine the association between strength of national tobacco control policies and the trend in current smoking among 28 EU countries between 2009 and 2017. Figure 1 presents the structure of our proposed multilevel model. The analysis was performed by contrasting current smokers with other smoking statuses (former and never smokers), and was adjusted for sociodemographic characteristics.
We followed the approach of Fairbrother 23 to disentangle the cross-country association from the longitudinal association between tobacco control policies and probability of smoking. This was done by decomposing the overall effect into two separate components: cross-sectional (between-country) and longitudinal (within-country). We averaged the TCS scores of 2005, 2007, 2010 and 2013 for each country to capture the cross-sectional (or cross-national) relationship between the strength of tobacco control policies and the odds of being a current smoker (also known as the between-country effect). We, then, subtracted country means from the country-year specific TCS score to capture the longitudinal effect on the odds of being a current smoker over time within each country (also known as the withincountry effect). By group-mean centring the TCS score, the cross-sectional effects for tobacco control policies are orthogonal to the longitudinal effects. Therefore, we were able to obtain two separate coefficients to represent the between-and within-country effects. The Markov Chain Monte Carlo (MCMC) method was used to estimate all models because this Bayesian estimation approach produces less biased estimates than the commonly used maximum likelihood method especially when there are around 30 countries in the data. 24 We used the Deviance Information Criterion (DIC), a generalisation of Akaike Information Criterion (AIC), for model selection. 25 26 The DIC is a Bayesian analogue of AIC and a small DIC indicates a better model fit. 25 All analysis were performed by MLwiN version 3.02 27 28 through R using the package R2MLwiN 29 .
Post-stratification weights provided in the Eurobarometer datasets were used in the analyses. and Slovenia) showed an increase in smoking prevalence, but the differences were not significant at the 5% level. Therefore, we cannot rule out that these increases were due to random sampling variation. Results of Multilevel Models Model 2) . Thus, on average, there was a significant decrease in probability of current smoking in the EU28 in this time period. To examine whether the trends in smoking varied across countries, a random slope for the time effect was included at the country-level (Table 1 , Model 3). The random slope was significant, indicating that although the general trend was a decreasing probability of smoking, smoking only decreased in some countries, with the remaining countries showing either an increase or a stable probability of smoking.
RESULTS
Current Smoking Prevalence
We, then, investigated the association between of tobacco control policies and current smoking by introducing TCS scores into Model 4 ( Table 2 ). As noted above, we decomposed the TCS score into cross-sectional and longitudinal components to estimate between-and within-country effects of tobacco control policies on current smoking. The estimated odds ratios for the average TCS score was 0.990 (95% CI: 0.983 to 0.998), indicating that the cross-sectional component of TCS significantly influenced the odds of an individual being a current smoker. Therefore, national tobacco control policies had a significant between-country effect on probability of smoking. In countries with stricter tobacco control regulations, probabilities of smoking tended to be lower. However, the longitudinal component of TCS score (OR = 0.999; 95% CI: 0.994 to 1.005) indicates that the within-country effect of tobacco control policies was not statistically significant. Thus, even though national tobacco control regulations changed over time, the rate of change had no effect on probability of smoking. Figure 3 shows a predicted probability plot. The plot suggests that the impact of tobacco control regulations is stronger on those who work in upper class occupations, whereas the impact on those who are economically inactive is apparently weaker.
Sensitivity Analyses
There are three available measures that could be used as an indicator of socioeconomic position. The indicators occupation, education level and difficulties paying bills capture different elements of socioeconomic advantage. Our study used occupation as a proxy for social class. We have examined the model fit of models using alternative available measures of socioeconomic group. The current model with an interaction between TCS and occupation has a better fit (by DIC criteria) than the models with an interaction between TCS and education level (Model 6 in Supplementary 
DISCUSSION
Key Results
In this study, we examined change in smoking prevalence between 2009 and 2017 in 28 EU member states; the relationship between the strength of national tobacco control policies and the odds of being a current smoker; and the relative effect of tobacco control policies on people of different occupational groups.
We found that there was a general trend of decreasing smoking prevalence over the last decade in the EU. However, there was significant variation at the country-and country-year-levels in the models indicating that countries differed significantly in their trajectories of smoking prevalence. We also found that cross-nationally, strong tobacco control policies were significantly associated with lower odds of being a current smoker. In contrast, we found no effect of longitudinal changes in TCS score on probability of current smoking. We also found that average TCS scores had a much greater effect on the odds of being a current smoker in upper class occupations. Higher TCS scores had significantly less impact on people who are economically inactive.
Interpretation of Findings
Our findings are similar to those of two recent ecological studies by Feliu, et al. 9 (2018) and Lidón-Moyano, et al. 10 (2017). Feliu, et al. 9 found that there was a negative association between TCS score and the prevalence of smokers in 2014 and a positive association between TCS scores and the relative change in smokers' prevalence from 2006 to 2014. Our current study adds to these findings by estimating subject-specific effects. Model 4 shows that a one-point increase in the average TCS score for a country was associated with a 1% decrease in the odds of an individual being a current smoker (with all other variables held constant and conditional on the random effects). The reason that the earlier paper by Schaap, et al. 11 did not conclude that the effect of TCS differed by education level is mostly likely due to the following methodological differences. Firstly, they examined 'quit ratios' as primary outcome rather than current smoking and secondly they evaluated the effect of educational difference through the use of the Relative Index of Inequality.
There are a number of possible interpretations of the absence of a longitudinal effect. Firstly, most countries' TCS scores changed very little over time limiting the scope for detecting effects. Second, the probability of an increasing TCS within a country may be highly correlated with its' longitudinal trend in smoking prevalence. That is, there may be endogeneity, in which countries with rapidly declining smoking prevalence may also have a critical mass of anti-smoking sentiment so that that politicians and the public are supportive of increasing tobacco control measures. 30 Therefore, some of the effects of small changes in TCS will be included in the country and country-year specific random effects. This is because the country level slope over time on odds of smoking is modelled, therefore the effects of longitudinal (within-country) change in TCS that are evaluated are only those uncorrelated with change in smoking prevalence over time.
Other research has also suggested that a comprehensive range of tobacco control policies at the highest levels of implementation are required in order for there to be a longitudinal effect 31 and including one or two measures at lower levels may not be sufficient to influence smoking prevalence.
The differential effect of tobacco control policies on different socio-economic groups has also been observed in other studies. Bosdriesz, et al.
17
, for example, found that the strength of country-level tobacco control policies had much less of an effect on smoking cessation and tobacco consumption amongst the economically inactive compared to those in manual occupations. We have extended these findings and can confirm the same association holds for probability of current smoking. Reviews on this topic suggest that tobacco control policies need to be tailored to addressing inequalities by the specific targeting of cessation support and mass media campaigns towards disadvantaged groups. 32 33 There is some evidence that interventions around price are most effective at reducing inequalities. 16 However, the TCS is already weighted towards price and nevertheless the total TCS score has less impact in the lower occupational categories.
The tobacco epidemic in Western countries has had very distinct phases in terms of occupational social class. 34 The early adoption of mass produced factory cigarettes was by upper and middle class males with subsequent diffusion to other groups. More advantaged groups were also the first to start to quit smoking in large numbers. This has been explained in terms of Bourdieu's ideas of habitus and distinction. 35 Smoking is seen as an example of the use of the body, appearance and habits to define and distance social groups. Initially smoking was a mark of Epicureanism and sophistication associated with upper class tastes and was abandoned precisely because widespread adoption meant it no longer evoked distinction. It has now become a marker of lower class lack of self-control. It has been suggested that class stigma has become smoking stigma. 36 This, however, only operates across class boundaries.
Sorenson 37 found greater acceptability of smoking among blue collar workers and lower social support for quitting. In other words, smoking became a social norm among the lower class. From this perspective, tobacco control policies represent and recreate middle class attitudes to smoking, as an object of disgust, putting greater pressure on residual middle class smokers but with little influence on people who identify as manual class.
Strengths and Limitations
This study is the first to use a repeated cross-sectional design to examine smoking prevalence in 28 EU member states across 2009 to 2017. We applied a three-level random slope logistic regression with MCMC estimation to analyse repeated cross-national data. Our study extends previous research in a number of ways. First, the analysis used multilevel mixed effects models with random effects at the country and country-year levels. The inclusion of year as a fixed effect at the country-year-level allows the overall trajectory of smoking over time to be modelled. Random intercept at country-year-level examines how the specific country-year-trajectory deviates from the country trajectory over time whereas the random slope for year at country-level allows country-level trajectories to deviate from the overall trajectory. Further, we decomposed the effect of TCS into the cross-sectional (between-countries) and longitudinal (within-country) components. The longitudinal (within-country) estimator has the property that it controls for unobserved between country heterogeneity. Third, we examined the interaction between the cross-sectional component of the TCS and occupational group in a model adjusted for individual-level sociodemographic variables.
Socioeconomic position is a complex multifaceted concept. 13 We used occupation as a crude proxy for social class. We recognise that the measure that we have employed here only captures some broad elements of socioeconomic position therefore there is some risk of information bias. The economically inactive accounted for approximately half our sample. They likely represent a broad and heterogeneous group and this initial analysis should therefore be treated with caution. This clearly requires further study. It is also possible that there are interaction effects between gender and socioeconomic group.
Investigation of more complex interactions however is beyond the scope of this study.
CONCLUSIONS
Over the last decade, smoking prevalence has decreased but smoking remains a leading cause of premature morbidity and mortality in the EU. Differences in tobacco control policies between countries were associated with probability of smoking but the difference in TCS within countries over time was not. This is probably because it is not possible to disentangle the effect of within-country factors such as public attitudes to smoking and previous rates of decline in smoking prevalence from country-level TCS scores. We found that the effect of between-country differences in TCS score had a much stronger relationship with probability of smoking in people who were in upper occupational groups than in people who were in manual groups or were economically inactive.
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